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Manipulation of fermentation variables during ugba production (fermented African oil bean (Pentaclethra macrophylla) seed), using traditional
method was studied with the view to improving the fermentation process, quality of product and prediction of process. The variables studied were
number of leaves used in wrapping, relative humidity (RH) and temperature. Effect of variables on pH and amino nitrogen was determined on
24 h basis for 96 h. Attempt on prediction and optimization of process using response surface method was made. Amino nitrogen increased with
fermentation time and attained its peak at 72 h. The highest daily amino nitrogen value (3.4 mg N/g) was obtained from sample fermented at 65%
RH, temperature 30 1C and 5 layers of leaves used for wrapping. pH increased into the alkaline range within the period, the highest value (8.2)
being from sample fermented at 65% RH, 40 1C and 10 layers of leaves. Statistical analysis and response surface plots associated with analysis
showed that the quadratic effect of variables was signiﬁcant (po0.05). Effects of number of leaves used in wrapping and relative humidity were
signiﬁcant and accounted for 95.31% of the amino nitrogen variation. Thus use of response surface method predicted the process and can be used
to optimize the fermentation process. This ultimately will improve product quality.
& 2015 Association of Vice-Chancellors of Nigerian Universities. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Ugba is a product obtained from the fermentation of sliced
African oil bean seeds (Pentaclethra macrophylla Benth). The
production of ugba is on a small scale in homes by traditional
methods that vary from one producer to another resulting in
non-uniformity of product (Njoku and Okemadu, 1989;
Enujiugha et al., 2002; Ogueke and Aririatu, 2004) and well
fermented beans are added to soup as ﬂavouring (Odunfa and
Oyeyiola, 1985). P. macrophylla is planted on the fringes
compound farms mainly for its edible seeds which have been
found to be highly nutritious with adequate amounts of10.1016/j.nifoj.2015.04.015
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sities.proteins and calories that meet the recommended daily
allowance (Enujiugha and Akanbi, 2008). African oil bean
seeds have been reported to be high in tannins, phytates,
oxalates and lectins as well as high levels of trypsin inhibitor
activity in the raw seed (Enujiugha and Agbede, 2000).
However, processing the seed into “ugba” via cooking and
fermentation signiﬁcantly reduces the levels of the anti-
nutritional factors (Isu and Ofuya, 2000). The natural fermen-
tation occurs by chance inoculation of various bacterial species
of Bacillus, Staphylococcus, Micrococcus, Leuconostoc,
Lactobacillus plantarum, Proteus, Enterobacter and E.coli.
However after 24 h fermentation Bacillus sp predominate until
the end of fermentation (Obeta, 1983; Odunfa and Oyeyiola,
1985; Ejiofor et al., 1987; Ogueke and Aririatu, 2004). Studies
have been conducted on the chemical changes that occur
during ugba fermentation and proteinase enzyme is considered
the most important enzyme in ugba fermentation (Njokuction and hosting by Elsevier B.V. This is an open access article under the CC
Table 1
The independent variables and their levels.
Independent variables Variable levels
1 0 þ1
Relative humidity (%) (X1) 65 75 85
Temperature (1C) (X2) 30 35 40
Number of leaves (X3) 5 10 15
Table 2
Combination of the independent variables.
Sample/run X1 X2 X3
1 1 1 0
2 þ1 1 0
3 1 þ1 0
4 þ1 þ1 0
5 1 0 1
6 þ1 0 1
7 1 0 þ1
8 þ1 0 þ1
9 1 1 1
10 0 þ1 1
11 0 1 þ1
12 þ1 þ1 þ1
13 0 0 0 3
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thus amino nitrogen can be used as an index of fermen-
tation efﬁciency to monitor the progress of fermentation of
proteinacetous materials such as ugba (Enugiugha, 2003).
Conditions that prevail during fermentation such as tempera-
ture, relative humidity and microenvironment of fermentation
differ and they affect the quality of the ﬁnal product. There is
therefore need to study how these conditions interplay and
how their interaction affect the amount of amino nitrogen
produced in the ﬁnal product. There is also need to predict and
optimize the process. This work therefore determined the effect
of temperature, relative humidity and number of leaves used in
wrapping on amino nitrogen production during ugba fermenta-
tion using the response surface method.
2. Materials and methods
2.1. Sample collection and preparation
African oil bean seeds were obtained from Owerri main
market, Owerri, Imo State, Nigeria. The seeds were sorted and
thoroughly washed and boiled in water for 1618 h to remove
the tough testa. The cotyledons were then sliced longitudinally
using sharp table knife into 45 cm 0.10.2 cm slices. The
slices were boiled again for 30 min and left overnight in water
at ambient temperature.
2.2. Generation of relative humidity (RH)
The various relative humidity applied during fermentation
were generated as described by Ogueke et al. (2013)(i) 65% RH was generated by dissolving 50 g of anhydrous
NaNO3 in 33.3 mL of hot water.(ii) 75% RH was generated by dissolving 20 g of NaCl in
50 mL of hot water.(iii) 85% RH was generated by dissolving 25 g of KCl in
50 mL of hot water.2.3. Fermentation
The sliced cotyledons were washed in water and wrapped
(100 g) with different numbers of leaves (5, 10 and 15). The
leaves created the microenvironment for the fermentation. The
samples were then put inside incubators whose relative
humidity have been adjusted by putting saturated and equili-
brated salt solutions of the appropriate salt, and incubated at
the appropriate temperatures as shown in the experimental
design (30 1C, 35 1C, 40 1C).
2.4. Experimental design
A Box Behnken rotable response (Lawson and Madrigal,
1994) for k¼3 was employed to study the linear, interactive,
quadratic and cubic effects of the independent variables on the
fermentation process. The variables were of three levels
(Tables 1 and 2). Samples/Runs 1–12 were performed oncewhile sample/run 13 was performed three times to give a total
of 15 experimental samples/runs.
The fermentations were monitored on 24 h basis for the pH
and amino nitrogen content.
2.5. Determination of pH
The pH of each fermentation process was measured as
follows. Five grams of fermenting seeds was taken from the
bulk and mashed in 45 mL of sterile deionised water (Njoku
et al., 1990). The pH was measured using a digital pH meter
(Jenway pH/MV/Temperature Meter, Model 3510, Essex, UK)
at ambient temperature (30–32 1C). Before use the pH meter
was standardized using buffers (4.0–9.0).
2.6. Amino nitrogen determination
The formol titration method (Pham and Del-Rosario, 1983)
was used. Three grams of fermenting seeds was taken and
mashed. Two grams of the mashed seeds was placed in a
conical ﬂask, and then 0.5 mL of phenolphthalein (0.5%) and
0.4 mL of neutral saturated potassium oxalate were added. The
mixture was kept to stand for few minutes and this was
neutralized with 0.1 M NaOH to a standard pink colour. Two
millilitres of 40% formaldehyde solution was added and
allowed to stand for few minutes (until mixture was colour-
less). This was then titrated with 0.1 M NaOH to pink colour.
The titre value obtained was designated ‘V1’. A blank was run
by titrating a mixture of 2 mL of formaldehyde solution and
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amino nitrogen was calculated using the equation: % Amino
Nitrogen¼1.7 (V1–V2).
2.7. Analysis of data
The statistical analysis and response surface plots associated
with the analysis were carried out using Design- Expert
software version 9.
3. Results and discussion
3.1. Effect of fermentation on pH
Table 3 shows the pH values obtained during fermentation
of African oil bean seeds at different fermentation variables.
The pH increased from start of fermentation till 96 h. At 0 h all
the samples recorded a pH value in the acidic range (5.65–
5.92) but these progressively increased into the alkaline range
(7.46–8.20) as fermentation progressed to 96 h. Thus this is an
alkaline fermentation. Similar trends have been observed
during the fermentation of some other protein rich plant
materials (Ikenebomeh et al., 1986; Njoku and Okemadu,
1989; Ogueke et al., 2013). At 96 h sample fermented at 65%
RH, 40 1C and wrapped with 10 layers of leaves recorded the
highest pH value of 8.20 while sample fermented at 85% RH,
40 1C and wrapped with 15 layers of leaves recorded the least
pH value of 7.46. At the different hours of fermentation the
values obtained were signiﬁcantly different (po0.05) from
each other. The combination of the variables may have
favoured the activities of the fermenting bacteria. The activities
of the fermenting microorganisms also may have led to an
increase in proteinase and deaminase activities resulting in
increased liberation of ammonia. The increase in pH has beenTable 3
pH values of the fermenting African oil bean seeds.
Sample/run Period of fermentation (h)
0 24 48 72 96 LSD
1 55.75g 46.65f 37.45e 27.90c 18.02f 0.019
2 55.92a 46.72d 37.63a 28.07a 18.13c 0.020
3 55.80f 46.80b 37.34g 27.84d 18.20a 0.020
4 55.62j 46.53h 37.52c 28.02b 18.10d 0.020
5 55.86b 46.72d 37.48d 27.62f 18.17b 0.054
6 55.84cd 46.82a 37.38f 27.80e 18.07e 0.020
7 55.83de 46.77c 27.08j 17.89c 17.89g 0.016
8 55.85bc 46.70e 37.54b 27.80e 57.90g 0.017
9 55.74g 46.52h 37.12i 27.90c 18.09d 0.015
10 55.65i 46.35j 37.24h 27.80e 17.90g 0.017
11 55.82e 46.42i 37.04k 27.90c 18.12c 0.013
12 55.70h 46.60g 36.92i 27.14g 17.46i 0.012
13 55.75g 46.73d 37.24h 27.60f 17.82h 0.014
LSD 0.015 0.016 0.015 0.013 0.012
a,b,c  Values on the same row with different superscript are signiﬁcantly
different (po0.05).
1,2,3  Values on the same columns with the same superscript are not
signiﬁcantly different (po0.05).found to encourage the growth of Bacillus (Odunfa and
Oyeyiola, 1985) which is believed to be the main fermenting
microorganisms (Obeta, 1983).
pH increase to the alkaline range is peculiar with fermenta-
tions of protein rich foods (Odunfa, 1982, 1985), and the
increase has been attributed to increased proteinase and
deaminase activities of the fermenting bacteria resulting in
the liberation of ammonia through the utilization of amino
acids, and possibly other basic end products of protein
decomposition (Odunfa and Oyeyiola, 1985; Njoku and
Okemadu, 1989; Sarker et al., 1993). However, high levels
of ammonia nitrogen are undesirable in some foods because of
their adverse effects on product ﬂavour and aroma. Ammonia
production is probably a common feature during fermentation
of protein rich plant materials; ammonia is produced during
Bacillus fermentation of soybean (Sarker et al., 1993), during
fermentation of African Oilbean seeds for ugba (Njoku and
Okemadu, 1989) and fermentation of African Locust bean
seeds for Iru (Odunfa, 1981). Some workers (Yong and Wood,
1977) have suggested that in good quality soysauce ammonia
nitrogen should constitute about 10–15% of total soluble
nitrogen, thus Njoku and Okemadu (1989) has suggested that
there should be monitoring of enzyme activity during fermen-
tation for improved product quality. However, ammonia
nitrogen was not determined in this study.3.2. Effect of fermentation on amino nitrogen
Table 4 shows the amino nitrogen production during the
fermentation of African Oil bean seeds to ugba under different
fermentation variables. The values increased as fermentation
time increased up to 72 h and dropped at 96 h. The highest
value of amino nitrogen at 72 h was obtained in sampleTable 4
Amino nitrogen production during fermentation of African oil bean seeds
(mg N/g).
Sample/run Period of fermentation (h)
0 24 48 72 96 LSD
1 53.74fg 43.94def 34.90fg 17.58g 26.45f 0.092
2 33.45i 43.70f 34.94f 17.94e 26.80e 0.092
3 53.60h 43.84ef 34.91fg 17.18h 26.40f 0.092
4 54.40b 44.57ab 35.70b 18.12c 26.84e 0.092
5 43.46i 43.69f 34.72h 18.12c 26.84e 0.092
6 54.32c 44.54ab 35.60c 18.25ab 27.80a 0.092
7 53.70g 43.90def 34.85g 17.20h 26.94d 0.092
8 54.50a 44.78a 35.80a 18.04d 26.86e 0.092
9 54.20d 44.32bc 35.32d 17.84f 27.42c 0.075
10 53.80ef 44.13cd 35.17e 17.84f 27.42c 0.075
11 54.27c 44.50b 35.64bc 18.20b 27.58b 0.092
12 53.85e 44.17cd 35.47i 17.90ef 27.62b 0.075
13 53.82e 44.07cde 35.20e 18.30a 27.86a 0.092
LSD 0.065 0.279 0.079 0.073 0.066
a,b,c  Values on the same row with different superscript are signiﬁcantly
different (po0.05).
1,2,3  Values on the same columns with the same superscript are not
signiﬁcantly different (po0.05).
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leaves, with a value of 8.30 mg N/g while the least value
(7.18 mg N/g) was obtained from sample fermented at 65%
RH, 40 1C and wrapped with 10 layers of leaves.
Close observation of daily amounts of amino nitrogen
produced during the fermentation period (Table 5) showed
that the largest amounts were produced at 72 h. fermentation,Table 5
Daily amino nitrogen levels during fermentation (mg N/g).
Sample/run Period of fermentation (h)
0 24 48 72 96
1 0 0.2 0.96 2.68 1.13
2 0 0.25 1.24 3.0 1.14
3 0 0.24 1.07 2.27 0.78
4 0 0.17 1.13 2.42 1.28
5 0 0.23 1.03 3.4 1.28
6 0 0.22 1.06 2.65 0.45
7 0 0.2 0.95 2.35 0.26
8 0 0.28 1.02 2.24 1.18
9 0 0.12 1.0 2.52 0.42
10 0 0.33 1.04 2.67 0.42
11 0 0.23 1.14 2.56 0.62
12 0 0.32 1.3 2.43 0.28
13 0 0.25 1.13 3.1 0.44
Table 6
Model summary statistics for amino nitrogen.
Source Std. dev. Adjusted Predicted
R-
squared
R-
squared
R-
squared
PRESS
Linear 0.10 0.1010 0.1442 0.6375 0.22
2FI 0.12 0.1713 0.4502 2.2029 0.43
Quadratic 0.035 0.9531 0.8686 0.2665 0.098 Suggested
Cubic 9.165
10–003
0.9987 0.9912
Table 7
ANOVA table for response surface quadratic model for amino nitrogen.
Source Sum of squares df Mean squar
Model 0.13 9 0.014
A-Relative Humidity 0.012 1 0.012
B-Temperature 3.188 10–006 1 3.188 10–0
C-Number of leaves 9.892 10004 1 9.892 10–0
AB 7.675 10–005 1 7.675 10–0
AC 9.287 10003 1 9.287 10
BC 1.316 10005 1 1.316 10
Â2 0.085 1 0.085
B̂2 0.022 1 0.022
Ĉ2 9.165 10004 1 9.165 10–0
Residual 6.256 10003 5 1.251 10
Lack of ﬁt 6.088 10–003 3 2.029 10–0
Pure error 1.680 10004 2 8.400 10
Cor total 0.13 14
nValues of “Prob4F” less than 0.05 indicate model terms are signiﬁcant. In th
indicate the model terms are not signiﬁcant.thus indicating that the fermentations got to their peaks at 72 h.
The largest amount of amino nitrogen produced at 72 h was
3.4 mg N/g, and was obtained from the sample fermented at
65% RH, temperature 30 1C and 5 layers of leaves used for
wrapping. It could be that the lower number of leaves used in
wrapping the sample favoured the bacteria especially Bacillus
sp. which are the main fermenting organisms. They are aerobic
bacteria therefore more O2 penetration will increase the rate of
growth and general activities of the bacteria resulting in an
increased proteinase activity and more amino acid and thus
increased amino nitrogen production. These bacteria are also
highly proteolytic. This was closely followed by the value
obtained from the sample fermented at 75% RH, 35 1C and 10
layers of leaves (3.1 mg N/g). Statistical analysis of the values
showed that their values at 72 h signiﬁcantly differed from the
values obtained from the other samples at other hours.
Increase in amino nitrogen is believed to be due to break-
down of proteins to amino acids and lower molecular peptides
by proteases produced by the fermenting microorganisms. The
combination of the variables may have favoured the activities
of the fermenting microorganisms. Enujiugha (2003) has stated
that an appreciable increase in amino nitrogen after 13 days
of fermentation was due to protein hydrolysis. The highest
values observed in the study suggested the greatest level of
protein hydrolysis probably due to the involvement of more
proteolytic microbes. Bacillus sp. which are the main ferment-
ing microorganisms are proteolytic. Amino nitrogen can be
used as an index of fermentation efﬁciency and can be used to
monitor the progress of fermentation of proteinacetous materi-
als (Enujiugha, 2003) such as ugba. In this study therefore we
can say that fermentation got to its peak at 72 h. because close
observation of the results (Tables 4 and 5) showed that in all
the fermentations the largest amounts were produced at 72 h.
Tables 6 and 7 below show the response surface analysis of
the effect of the fermentation variables on amino nitrogen. The
R2 (0.9531) and adjusted R2 (0.8686) values for the quadratic
model were higher than 0.75 thus indicating that amino
nitrogen can be predicted and optimized using the quadratice F value p-value Prob4Fn
11.28 0.0079 Signiﬁcant
9.96 0.0252
06 2.548 10–003 0.9617
04 0.79 0.4146
05 0.061 0.8142
003 7.42 0.0416
005 0.011 0.9223
67.73 0.0004
17.29 0.0088
04 0.73 0.4312
003
03 24.16 0.0400
005
is case A, AC, Â2, B̂2 are signiﬁcant model terms. Values greater than 0.10
Fig. 2. Response surface model for amino nitrogen as affected by layers of
leaves and RH.
Fig. 3. Response surface model for amino nitrogen as affected by temperature
and layers of leaves.
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However, in such situations model maximizing the “Adjusted
R-Squared” and the “Predicted R-Squared” is focused upon.
The quadratic model therefore had the highest value for
predicted R2. From the analysis the effects of relative humidity
and number of leaves used in wrapping (AC) on amino
nitrogen were signiﬁcant (po0.05) thus they had signiﬁcant
effect on the amount of amino nitrogen produced during
fermentation. The p- value was less than 0.05. Based on this
the equation below in terms of coded factors can be used to
predict the process as regards amino nitrogen production
during fermentation.
Amino Nitrogen¼þ2.80þ0.039Aþ6.313 10–004
B – 0.011Cþ4.380 10–003AB0.048ACþ1.814
10–003BC0.5 Â2–0.077 B̂2þ0.016 Ĉ2.
The equation in terms of coded factors can be used to make
predictions about the response for given levels of each factor.
By default, the high levels of the factors are coded as þ1 and
the low levels of the factors are coded as 1. The coded
equation is useful for identifying the relative impact of the
factors by comparing the factor coefﬁcients.
The response surface plots associated with the analysis are
shown in Figs. 1–3.
4. Conclusion
Ugba still remains an indigenous fermented condiment that
constitutes an important social agro – sustainable business that
guarantees an additional income to families. They are also rich
in protein thus serving a dual purpose of ﬂavouring and source
of protein supplement. Daily amino nitrogen analysis showed
that the highest amounts of amino nitrogen were produced at
72 h. The effects of relative humidity and number of leaves
used in wrapping (AC) on amino nitrogen were signiﬁcant
(po0.05) thus they had signiﬁcant effect on the amount of
amino nitrogen produced during fermentation. By manipula-
tion of these fermentation variables products with increased
amounts of amino nitrogen were produced. These variables
accounted for 95.31% of the amino nitrogen variation. ThisFig. 1. Response surface model for amino nitrogen as affected by temperature
and RH.method could therefore be explored to improve production and
guarantee product quality. This will also create wealth and
ﬁnancial beneﬁts. Thus optimization of the process could be
achieved through this means.
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